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shoe magnet. In order to register the wave form cor
rectly, the galvanometer needle should move across the 
cylinder in a practically straight line, and, in order to 
diminish the arc, it is disposed as shown in the plan 
view. The galvanometer has a short needle attached 
to the movable part, while above and independently 
of it, is mounted a second and longer needle of alUmi
nium, which is pivoted upon a heavy base outside' the 
instrument. and provided with a counterweight. The 
galvanometer needle has a vertical pin, P, on the outer 
end, which worl{s in a slot on the long needle, thus 
moving it back and forth, and the pen traces praCtical
ly a straight line, as the swing does not exceed two 
inches. The mechanism which connects the drum with 
the motor allows it to register three complete wave 
periods during its revolution. The drum can carry a 
plain paper for simply observing the wave forms, or a 
strip of plotting paper for taking measurements. Each 
cycle is represented by an abscissa four inches long. 
At the rate of 40 cycles per second, the curve is traced 
in 2 5  seconds, and the paper moves under the pen at 
the rate of 0.16 inch per second. The current and po
tential force waves 'can be shown in their relative 
positions by first tracing one of the waves during tlie 
revolution, of the drum and then, without disturbing 
the paper; the second wave is traced alongside of the 
first during the next revolution. In this way several 
waves can be traced upon the same paper for studying 
different phenomena. 

A novel application of the instrument is in the regis
tering of power or watt curves directly upon the cylin
der. and this is the first instance in which such curves 
have been obtained directly. This will be of great 
help in determining the power consumed in certain 
apparatus, especially in transformers, and finding their 
efficiency. Here the galvanometer is replaced by the 
field coils and armature of a Thomson meter. The 
shaft has two spiral springs attached to it, which 
bring the current to the armature without using a 
brush. The main current passes in the fixed coils, 
and the armature is connected once per period and for 
a very short time in circuit with the electro-motive 
force to be taken. The commutator in this case is 
a simple brass bar placed across the cylinder and con
ne£ting the brushes. Under the infiuence of the suc
cessive impulses which the armature receives by the 
intermittent current passing in it and acting on the 
current in the fixed coils, it takes an angular position 
which is proportional to the power at each instant, 
and thus traces the power curve directly upon the 
registering drum. The proper inertia is given to the 
instrument by the copper disk working in a magnetic 
ljeld which forms part of the meter, and the inertia is 
regulated to suit the requirements. To this form of 
the instrument M. Hospitalier gives the name of "puis
sance-graph" or "power-indicator," and he has been 
enabled to take a great number ot" interesting power 
curves of alternating current apparatus. 

SOME DATA ON THE COST OF OPERATING AUTO
MOBILES FOR COMMERCIAL PURPOSES. * 

By H !HAM PERCY MAXIM. 
1:-. the development of the pleasure automobile there 

have been reduced to practice four different motive 
power systems. They are the electric, with electric 
motors and storage batteries; the steam, with steam 
engines and boiler; the gasoline, with gasoline engine;, 
friction clutch and change gears, and the so-called com
bination, in which a gasoline engine is coupled to an 
electric generator. which generates electricity, which 
is then used in electric motors as in the regular elec
tric. Generally speaking, we may sum them up as 
follows: 

The electric has arrived at what would seem to be a 
fixed and possibly final type. In all but the smaller 
pleasure vehicles it has two series of motors, inde
pendently connected, each to one of the driving wheels. 
The storage battery is carried below the body, between 
the axles and almost never inside a part of the body. 
All underlying principles necess�ry to successful op
eration in practical service are understood. A degree 
of certainty and reliability is assured, which enables 
the vehicle unquestionably to be placed among estab
lished transportation apparatus. The highest develop
ment unquestionably exists in this country. 

In the case of gasoline, while we cannot say that, 
one fixed arrangement has been reached, even in 
pleasure vehicles. several of the important elements 
have been reduced to an eminently' practical point. 
The most important of these is the engine. In its p·,t 
forms the gasoline vehicle engine has finally, become 
a very trustworthy piece of apparatus. All- of the 
principles underlying at least successful operation on 
the road are understood. For the first time its peculiar 
advantages for vehicle propulsion are made available. 
In the general arrangement of the vehicle some believe 
a final type has been reached, at least in the case of 
heavy vehicles. This type consists of a self-contained 
running gear frame, or chassis, which contains the 
entire power plant. controlling apparatus, and running 
gear. The engines are located in the extreme front 
end, in a compartment or so-called bonnet, entirely 
separate from the body-carrying space. They are con
nected through a friction clutch to a change gear 
device carried below the body. The -connection thence 
to the driving wheels is through a differential. 

In pleasure vehicle service a very satisfactory degree 
• Paper read before tbe Antomobile Club of Amprica, on March 22. 
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of reliability and certainty has been' attained, notably 
in long-distance touring. In its best' types it is prob
ably no more tIian fair to class the vehicle among 
established transportation apparatus,. since pleasure 
touring has come' to be classed as a form of legitimate 
transportation. 

In commercial vehicles no approach to anything 
standard or final ha'S been reached. The highest de
gree of perfection in the system generally is usually 
conceded to have been reached in' Germany and France, 
although last year's developments in this country 
make it a question if an equal degree of pe'rlection ha's 
not been reached here. 

There are in New York city to-day, approximately, 
three hundred electric wagons and trucks in serviCe. 
This number of vehicles in operation has naturally 
brought out many important diffieulties, as may be 
imagined. The most important of these is the cost of 
maintenance. Very vague, alid in most cases entirely 
erroneous, ideas prevail upon this question. A careful 
consideration of it at this time and in this place 
ought to be a good thing. Not only should it serve 
to clear up some of the error and misunderstanding 
which exist, but it may also serve to furnish a basis 
from which to judge the possibilities of the other 
motive powers, a very interesting !)ubject at this time 
and in this connection. 

As already pointed out, the modern electric wagon is 
about uniform in general design. This even extends 
to the important details. Practically all wagolls, fbr 
example, use the same kind of" storage battery', and 
practically all of them use rubber tires. Not all of 
them, .however, use the same amount of storage bat
teries or the same amount of' rubber tires, and it is 
around these two elements tftat most of the popular' 
misunderstanding and error etlst. 

Pains have been taken by the writer recently to go 
carefully into the general question of cost of mainle
nance. The object was not Sf) much to determine the 
entire cost of operation of an automobile wagon and 
the saving of motive power over harse p(Jwer, al
though this comes out as a natural sequence, but. 
rather, to deterrine the relationship between the dif
ferent elements of maintenance' exvense as they exist 
to-day, and to estimate the probable effect of the vari
ous improvements we have at present in contemplation, 
An additional object was to compa-re the performance 
of wagons propelled by the other available motive 
powers, assuming the most recent developments in each 
were taken advantage of. 

With this object in view, maintenance expense has 
been divided into six divisions, as follows: Battery 
maintenance; tire maintenance; cost of power; genera-i 
repairs, which includes every repair other than those 
on battery or tires; depreciation, which includes the' 
entire vehicle other than battery and tires; and inter
est on the investment. 

' In investigating the conditions existing in .actual 
service many widely varying figures were encountered, 
as might be imagined would be the case in the present 
state of the art. An exact figure for any one element 
is probably an impossible thing to obtain. The best 
that can be done is to take an average of such observa
tions as are known to be not entirely erratic, and to 
combine with this a certain amount of estimate based 
upon experience. The rpsults represent a general per
formance which we know cannot be far wrong, and 
which, therefore, shb�d stl'rve very well for a con
sideration such as the present. 

Taking the six' elements of maintenance expense, 
the detailed data from which each ha; been made up, 
arid which will be seen to contain many interesting 
facts, are as follows: 

Battery Maintenance. -The same kind of storage 
battery is found in practically all vehicles. It is the 
Exide, a pasted lead battery made by the Electric 
Storage Battery Company, of Philadelphia. It repre
sents the highest development of the light-weight lead 
storage battery to date. It is entirely reliable, as far 
as running is concerned, being virtually free from 
the old troubles of short circuits, buckled plates, and 
mysterious failures for which storage batteries have 
been notorious for years. Its separators consist of 
th in perforated sheets of rubber placed against each 
side of each positive plate, and a' thin grooved wooden 
separator between these and each negative plate. The 
jar is of hard rubber, and in the latest types has ribs 
in the bottum which hold the plates some 1% inches 
up from the bottom, thus allowing for a large shedding 
of active material before enough has accumulated to 
make contact with the plates. The connections be
tween cells have great strength, and ruptures and 
failures on the street on account of open circuits are 
very infrequent where anything approaching good care 
is given. Its one practical disadvantage, aside from 
cost, resides in its property of gradually shedding its 
active material. 

The performance of this battery seems to be affected 
strongly, as far as maintenance expense goes, by the 
number of chargings it has to be given in order to 
perform the work it is called upon to do. For instance, 
all 2,OOO-pound capacity wagons, which is the general 
size used by department stores and for light express 
service. seem to have to make about thirty miles a 
day. All manner of theories and infiuences have been 
brought to bear upon this mileage question, but in 
spite of all thirty miles seems to be about what this 
size of wagon must average for a day's work if it is to 
be used to its full possibility. 

Where a generous battery has been provided it does 
this with a reasonable factor of safety on one charge. 
This means, of course, but one charge a day, and a 
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most of the night bein!l" available for it. On the other 
hand, where'the battery has been scrimped, it is found 
to be impracticable in everyday service to always 
finish up a day's work on one charge. What is called 
a "boost" is necessary, a nd is given some time during 
the day. It consists usually in a short charge, and al
most invariably a high rate one in order to get in as 
much as is possible in the short time which is usually 
available. This, of course, unavoidably increases 
the shedding effect on the positive plates, and, 
as is true' in the case of all apparatus worked too near 
to its maximum limit, a shorter life results. 

In a 2,OOO-pound capaeity wagon for general service 
a twelve-plate MV size Exide express battery is a gen
erous one, and since this represents disadvantageous 
conditions on the score of first cost, and is therefore 
conservative, it has been taken as the basis for these 
figures. The price of' such a wagon with the usual 
type of department store body runs about $2,500 to-day. 
In ordinary service, and under the care-taking con
ditions existing in the general run of cases, a battery 
such as has been selected averages somewhere in the 
vicinity of ninety-five days' work before the shedding 
of active material, or "mud," as it is called, has accu
mulated to a pOint requiring removal. This removal 
is called its first cleaning. 

A cleaning consists of cutting each connecting strap 
150 that individual cells may be separated and the 
plates and' separators as a unit removed from their 
rubber jars. When these are removed the jar is also 
removed and the mud washed out of it. Water !tom 
a hose is squirted generously over the element and 
down between the plates to remove all active material 
that may-be' lodged between the plates, and also to clear 
away all :loosened active material from the plates them
selves. This is done to each cell. They are then re
connected to ea�h other, or burned, as' it is called, and 
after fillil1g with acid and given a long, slow charge 
are again ready for service. 

After this cleaning they seem to run for somewhere 
about seventy-five days more before the mud has again 
accumulated to a point requiring another cleaning. 
This time the wooden separators have usually become 
defective by the aCid to a degree which makes it neces
sary to remove them and to substitute new ones. This 
requires the separating of the element when it is re
moved from its jar, and means more labor and a 
greater breakage of rubber separators and plates than 
at the first cleaning. It also means, the cost of the 
new woode n separators and the longer so-called "soak
ing" after the battery has been reassembled again. 

When this has been done and the battery goes into 
service for the third time, it seems to be good for 
something in the vicinity of sixty more days' work 
before all of the active material on the positive plates 
has been shed and their useful life ended. When this 
point is reached a new set of positives is substituted 
for the old set, and since this means the handling of 
the fragile add-soaked wood separators, these also 
must be substituted by new ones. This adds another 
element of rubber jar and separator breakage, a result 
'principally of carelessness, but which evidently cannot 
be controlled, since it is universal. 

When the new positive plates and the new wood 
separators have been installed, the battery starts out 
again entirely fresh, except for the negative plate.!!. 
In most cases these seem to hold their own and to show 
no signs of failure until the next first cleaning. Fur
thermore, they do not appear to all fail together, as 
do the positives. At each cleaning it is apparent 
which are the ones likely to soon go, and the opportunity 
is taken at these times to remove them and substitute 
new ones. The death of the negative seems to be, in 
the ordinary service we are considering, a gradual 
breaking away of the active material from its support 
and a general disintegration of the entire plate. An 
averag-e fully as bad as seems fair to take would appear 
to be one set of negative plates for every 1.6 7 sets of 
positive plates. 

This, briefiy, represents the detail of existing battery 
repairs. It amounts to a continual maintenance ac
count, since the battery would under this arrange
ment be permanently in good running order. As al
ready stated, the conditions named are average, and 
hence should be conservative. Taking now a full 
year's work, the cost per annum for such a batter), 
performance as this amounts to the following: 

New positive plates ........ ........... $155.00 
New negative plates . . . . . . . . . . . . . . . . . .  84.00 
New wood separators . . . . . . . . . . . . . . . . .  26.10 
Rubber separators broken in handling. . 4.55 
Rubber jars broken in service and in 

handling . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Total labor in connection with battery . .  
Supplies and other expenses . . . . . . . . . .  . 

21.70 
6 5,00 
48.50 

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $404.85 
The wagon during this time has averaged about 

thirty miles a day. During the year there seems to be 
about 28 8' full working days for such a wagon. This 
means 8,640 miles for the year, which brings the bat
tery maintenance expense to 4.6 8  cents a mile. This 
amounts to $1.40 a day. 

. 

The next item of maintenance expense is that of 
rubber tires. As in the case of batteries, a wagon on 
which the tires have been scrimped. and which are 
therefore working toward their limit all the time, 
wear out more rapidly than tires of more generous pro
portions. III a 2;OOO-pound rapaCity wagon a 3 %-inch 
tire is a generous one, and since this also works dis
advantageously on the score of first cost, and in con
seqt1ence is conservative, it pas been tlJ.l\en [l:s the ha,sjll 
for thflse tlg-urell. 
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The price of' a set of 3y:!-inch by 36-inch diameter 
solid rubber tires, allowing something for' scrap sal
vage, is about $188. In New York city such tires can 
be depended upon for about 9,000 miles service. On 
the basis of 8,64 0 miles a year, the cost per annum 
becomes, for rubber tire maintenance, about $18 0. This 
is 2. 09 cents per vehicle mile, or 62.7 cents a day. 

The next item is cost of power or charging current.. 
A good figure seems to be something in the vicinity 
of 14.2 kilowatt-hours per charge per day per vehicle. 
In many cases this charging current is taken from 
the regular lighting plant with which the stable or 
store is equipped. Where this is do'ne the cost per 
kilowatt is very low, being never above 2 cents. When 
the current is purchased from the street mains, how
ever, it amounts usually to something nearer 4 cents. 
A uniform figure of 3 cents has been taken for the pur
pose of this discussion. Upon the basis of 288 work
ing days per year and 14.2 kilowatt· hours per day, the 
total power consumption for the year is 4,09 0 kilowatt
hours, or 5,42 0 horse-power-hours. At 3 cents per 
kilowatt-hour, this comes out at $122.7 0 per annum, 
which is 1.42 cents per vehicle mile. 

,The next item is general repairs. As stated, this 
includes repairs of every nature oth'lr than those upon 
batteries and tires. It includes street collisions, side 
slewing repairs, and those resulting from the minor 
accidents unavoidable in service. Widely varying 
figures have, of course, been encountered in this also. 
An average has been taken and a constant arrived 
at which bears a relation to the price of the wagon, 
batteries and tires left out. This constant is about 
4 per cent, and is convenient to arrive at the general 
repair expense of any vehicle, the service of which is 
about the average and the data of which is not obtain
able. 

In the modern types of wagons, having a thirteen
plate battery, 31/.!-inch tires, and, a selling price of 
$2,5 00, the price, less batteries and tires, is, allowing 
for cells only in the case of the battery, $1,827; 4 per 
cent of this is $73.1 0, which is taken as an average 
for general repairs per annum for this size wagon. 
Per vehicle mile, it is 8 5  cents. 

The next item is depreciation. An arbitrary figure 
of 10 per cent has been taken on the price of the 
vehicle, less batteries and tires. It is applied uniformly 
to all vehicles considered, and since the principal pur
pose of this discussion is the relationship of the dif
ferent expenses, it is fair. The batteries and tires 
being constantly maintained, they must, of course, be 
excluded from depreciation; 10 per cent of $1,827 makes 
the depreciation charge $'182.7 0  per annum, which is 
2.12 cents per vehicle mile. 

The last item taken is interest on investment. It is 
here that generous battery and tire allowance have 
their effect and serve to make the figures high, and 
therefore conservative. Five per cent is taken on the 
$2,5 00 price, which is $12 5 per annum, or 1.4 5 per 
vehicle mile. 

�he totals may now be taken" They stand as 
follows: 

Battery maintenance ............... . 
Tire maintenance .................. . 
Cost of charging current ........... . 
General repairs .................... . 
Depreciation .......... , .... ....... . 
Interest on investment ............. . 

$4 04.8 5 
18 0. 00 
122.7 0 

73.1 0 
182.7 0 
12 5. 00 

Total ........... .. ......... ..... $1,088.3 5 
(Or 12.61 cents per vehicle mile.) 

It is interesting to note that this am{)unts to $3.78 
per·day, or, if 2 5 0  packages per day are delivered, it is 

'1. 51 cents per package. 
Before analyzing these expenses, let us look at 

wagons of a greater load capacity also. 
The two heavy wagons which have been selected 

for this discussion are the three-ton and the five-ton 
trucks. The data concerning these are found in prac
tice to be even more difficult to average than those of 
the small wagons. The less number of vehicles used 
and the greater variety of the service is the reason. 
The best that can be done in the way of an average 
figure is about as follows: 

Battery MalI1tenance.-A generous battery for a 
hard-working three-ton truck is from 40 to 44 �ells of 
seventeen-plate MV Exide express. For the same rea
son that a thirteen-plate battery is taken in the case 
of the 2,O O O -pound wagon, this seventeen-plate battery 
is taken as the basis for this three-ton wagon. This 
battery does a full day's work on one charge with a 
good factor of safety. The number of days' work it 
performs before its cleanings should therefore be the 
same as the battery in the smaller wagon. This seems 
to be the case, and brings the total life and number' of 
days' work at about the same figure. The battery de
tails per annum work out somewhere about the fol
lowing: 

New positive plates ..... . . ... ......... $217. 00 
New negative plates ... ..... .... . . ... .. 117. 5 0  
New wood separators ........... . . .. ,. . .  36.6 0 
Rubber separators broken in handling. . 6.37 
Rubber jars broken in service and in 

handling .......................... . 
Total labor in connection with battery .. 
Supplies and all other expenses ....... . 

32.8 0 
92. 5 0  
67.80 

Total .. .. ....... . .. . . ... ......... $ 57 0. 57 
The average day's work for a three-ton truck seems 

to run somewhere about twenty-four miles. The num
ber of working days per year may be taken as avera!1;
ing about the same as in the case of the smaller 
wagon, or 288, This brin�s the mllea�e for the year to 

6,912, or, approximately, 7,000 miles. TIre cost per 
vehicle mile for battery maintenance works out frOTtl: 
this at 8.2 5 cents. The average load in a threectbti 
truck all day long seemS to be somewhere' in the' neigh
borhood of two tons in ordinary service. The yearly 
ton miles is therefore 13,824; which brings the' battery 
maintenance out at 4.12 cents per ton m1\e. 

Tire Maintenance.-A generous rUbber tire' for a' 
three-ton truck is a 5-inclr. Replacing a 5�inch tire' on 
both front and rear wlreels costs about $350 for' tires. 
The life in average service is someth'in'g in the vicinity 
of 8;000 miles. The yearly mileage being 6,912 for the 
vehicle, the cost per annum for tires works out at aoout 
$3 03, which brings the vehicle mile to 4.37 cents and 
the ton mile to 2.18 cents. 

The next is charging current: As near as can be 
averaged, a day's charge for a three-ton truck is some
thing like 2 0. 5  kilowatt hours. This brings the power 
for the year to 5,90'4 kilcrwaU hours. At the rate se
lected, 3 cents per kilowatt bour, the cost per annum 
for charging current works out at $177.12, which is 
2. 57 cents for the vehicle mile and 1.2 9 cents for the 
ton mile. 

The next is' general repair!!: Taking the 4 per cent 
figure, which is about as fait for this truck as for the 
smaller one, it is applied to the truck price, less tires 
and battery. The price of' a complete three-ton electric 
truck averages to-day around $'3,7 00 . . Batteries and 
tires taken out, leaves $2,672. Applying 4 per cent 
brings the per annum charge for general repairs to 
$1 06. 88, which, for the ve'liide mile, is 1. 54 cents, and 
for the ton mile, 0.77 cent. 

' 

The next item is depreciation: Ten per cent on the 
price, less batteries and tires, becomes $267.2 0 per an
'num, which is 3.86 cents per mile and 1. 93 cents per 
ton mile" quite' an important item. In the case of the 
interest ori' investment, 5 per ,�ent on the price of the 
vehicle brings the per annum,charge at $18 5, wllich is 
2.67 cents per vehicle mile and'1.3 9 cents per ton mile. 
The total of these three-ton figures, then, is something 
as follows: 

Battery maintenance ............... . 
Tire maintenance .................. . 
Cost of charg4ng current ........... . 
General repairs .................... . 
Depreciation ...................... . 
Interest .......................... . 

$ 57 0. 57 
3 03. 00 
177.12 
1 06. 88 
26'7.20 
18 5. 00 

Total .. ...... . . . . . . . .. . . . . . .. . .  $-1,609.77 
(Or 23.2 cents per vehicle mile, or 11.6 cen� for 

every ton mile, or $ 5. 57 per day, which is a good figure 
from which to m�ke comparisons.) 

The five-ton truck is now left. This is the largest 
of all the electric automobiles which have been pro
duced. In it· a great many new difficulties are met 
with which do not appear in the smaller and lighter 
wago�s. The cause is the much greater weight. The 
weight of a five-ton truck with its load is something 
of considerable magnitude when it comes to steering 
and driving it in ordinary street traffic. Physical 
exertion on the part of the driver and no little skill 
are needed for the steering alone. All of these things 
put together have caused more complaint to ,be made 
in the case of this vehicle than in any of the others, 
and more misunderstanding and' error surround it 
also. Unquestionably the principal cause of this has 
been that the majority of five-ton trucks which have 
been placed in' service have had inadequate batteries, 
tires, and motor. In neither of the other vehiCles dis
cussed does scrimping of these important elements 
have such serious effect. An endeavor has been made 
to confine the figures given here to those vehicles which 
have generous tires, motors. and battery proportions, 

A generous battery for a five-ton truck is forty-four 
cells of nineteen-plate MV Exide express. Such a bat
tery is usually able to manage a full day's work on 
one charge, and, as such, requires cleanings on about 
the same basis as the other vehicles which have but 
one charging a day. The battery maintenance ex
penses per annum on this basis may be taken as some
thing about as follows: 

Ne� positive plates .... . ... ... . . .... . $244. 00 
New negative plates . .. . .. . . .. .... ... 132. 00 
New wood separators .. . ... .. .. . .. . . .. 41. 00 
Rubber separators broken in handling. . 7.1 5 
Rubber jars broken in service and in 

handling .......................... . 
Total labor in connection with battery .. 
Supplies and, all other expenses ....... . 

3 5. 00 
1 02. 00 

7 5. 00 

Total .... ... ... . . . .. .. .. .. . ...... $636.1 5 
The average day's ,work for a five-ton truck seems 

to be about twenty miles. The -number of working
days per year, as ilr the case of the other wagons, may 
be taken as about U8. This bring!; the milea!1;e run 
in one year to 5,700; making the barttery maintenance 
11. 05 cents per ,vebicle mile and 3.1 5 cents per ton 
mile, since the average load of a five-ton truck all day 
long seems to be something about three and one-half 
tons. It is interesting to see that this means the total 
accomplishment in a year of 2 0.1 6 0  ton miles. 

In the case of the tires, a generous rubber tire for a 
five-ton truck is 7-inch on the rear driving tires and 
6-inch on the front tires. These have been fOund to 

give very satisfactory results even in the' severe ser
vice of the five-ton truck, and it may be mentioned 
here that this service is extraordinarily severe, as com
pared with' that of smailer veh'icles, on account of five
ton truckS' beitlg principally used in downtown dis
tricts, where pavements are very bad. 

These tires cost somewhere about $'454 per set. Their 
life in average service is something in the vicinity 
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of 7,6S1J miles, as near as an average figure can be 
taken. The yearly mileage being 5,76 0, the cost per 
amtuID for tire maiIitenance works out at $348, or 6.(} 5 
cent!; for every mile run and 1.72 cents for every ton 
hauled over one mile of' distance. 

The ch'arging current for a day's charge is some
thing like 21.6 kilowatt' hours on an average. This is 
6,22 0 \{ilowatt hours, which at 3 cents, brings the 

annual cliarge- to $ 186.6(), w'hich means 3.24 cents for 
power for every mile run and 0. 92 cent for every tOll 
hauled a mile'. 

On the' score of general repairs, the 4 per cent figure 
holds as well' as on the smaller vehicles. The price 
of a: complete five-ton' truck to-day approximates $4,000. 
Batteries and' tires taken out, leaves $2,78 5. This 
amounts to $l11AO per annum, or 1. 93 cents per mile 
run, or 0'. 54 cent per ton mile. 

In' the case of depreCiation', the 10 per cent constant 
amounts to an annual charge of $278. 5 0, or 4.84 cents 
per mile run, or 1.38 cents per ton mile. The intereSt, 
at the 5 per cent figure, is no less than $2 00 per an
num, which is 3.46' cents per vehicle mile and 0. 9 9  cent 
per ton mile. These, totaled, appear as follows: 

Battery maintenance ................ $ 63 6.1 5  
Tire maintenance ................... 348.00 
Cost of charging, current. . . . . . . . . . . . . 18 6.6 0 
General repairs ....... .............. 111.4 0 
Depreciation .: ......... .. ..... .... .. 278. 5 0  
Interest ....... .......... .. ...... . .. 2 00. 00 

Total .......................... $ 1,76 0.6 5  
(Or 3 0. 57 cents for every mile run with average load 

on boa-rd, or 8.7 5 cents for every ton which is hauled 
a mile. It is interesting to note that this totals $6.11 
a day.) 

Now for some convenient way to get a comparative 
judgment of these different figures. In order that they 
may all be seen at once, they have been tabulated, as 
shown in table No. 1. 

TABLE xu. 1. 
Relation between elements of �ost of maintenance 

in existing electric vehicles: 
I-ton wagon. 3-ton wagon. 5-ton wagon. 
Veh. Per Veh. Per Veh. Per 

Elements. mi. cent. mi. cent. 'mi. cent. 
Battery ...... .4.68 37. 0 8.2 5 3 5.4 11. 05 ' 3 5.5 
Tires . . . . . . . . .  2. 09 1 6.6 4.37 18.8 6.05 2 0. 0  
Depreciation . . . 2.12 1 6.8 3.8 6  1 6.6 4.114 1 6.0 
Interest ....... 1.4 5 11.5 2.67 11.5 3.4 6  11.4 
Chg. current . .. 1.42 11.4 2.57 11. 0 3.24 1 0.7 
Repairs ....... .8 5 6. 7 1. 54 6.7 1. 93 6.4 

Totals $3.78 per day, $ 5. 58 per day, and $6.11 per 
day. 

From this table we are able to see that a general 
average of the majority of' the vehicles of up-to-date 
proportions in actual service to-day, have six important 
items in their operating expenses which amount to 
quite a considerable sum of money. This brings us 
una,voidably' to a comparison with the corresponding 
costs when' horse power is uEed. While it is not in
tended to dwell upon this matter, it may be well to 
touch upon it while passing. 

(To be concluded.) 

KOREAN HOUSES. 
THE Rev. C. T. Collyer read a paper on Korea at a 

recent meeting of the Royal Geographical Society. He 
said the winter cold is very intense, and during cold 
weather the Korean will not leave his house unless 
obliged to. When building it he always looks for a 
\iheltered spot, and plans the house so as to get in it 
the maximum amount of heat. Never, said Mr. Collyer, 

. is a house to be found on the north side of a hill or 
mountain, and there is no location so deSirable for 
house building as under the lee of a horseshoe-shaped 
hill facing the south. In any village the houses that 
are highest up on the hillside are always the poorest. 
They are all one -story buildings, and that story is but 
a low one. Their rooms are supposed to be perfect 
cubes of 8 feet, though it is generally found, to the 
distress of tall people, that the tie-beams of the roof 
come within 6 feet of the floor. The roof which, with 
the exception of those in the cities, is generally 
thatched with rice straw, is entirely supported by pil
lars, which rest on foundation stones laid on, not set 
in, the ground. The spaces between these pillars are 
filled up with what we must call laths and plaster 
partition, according to the material that is found 
locally. The fioor is of stone slabs laid over flues in 
which brushwood 'grass, or other fuel, is burned. The 
stones, thus' becoming heated, radiate ·:their warmth 
through the entire' room. So as to lose n<,Jne of this 
warmth, the Korean uses no furniture. This floor, with 
its oil-paper cover, is to him chair, table, and bed. 'fhe 
Korean, as an' individual, differed largely from the 
Chinese or Japanese. He desired, most of all, tqe 
peaceful life of a student. When placed in the school
room with Chinese and Japanese students, the KoreaJl 
had always shown himself to be, from an intellectual 
point of view, superior. Casual visitors had branded 
him as lazy and indolent, but the truth lay in the fact 
that he lacked incentive through official oppression. 
The principal exports were rice and beans to Japan, 
ginseng to China, and gold. which was now almost 
exclusively purchased by Japan. Gold was found in 
paying quantities in many parts of the country; the 
oldest established mine where Wegtern method� were 
in use was in Ping-Yang, where the American mine 
had' proved to be a perfect honanza. The Kore'lns 
might be fairly compared to a sleeping man. For 
three centuries they had been asleep, unable to Ilhake 
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